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(57) Abstract 

A catalyst which is an oxide semiconductor such as anatasc titanium dioxide and has a stable oxygen deficiency and an activity under 
a visible radiation exposure. A method of producing a visible radiation type photocatalyst, wherein an oxide semiconductor is subjected to a 
hydrogen plasma processing or a rare gas element plasma processing with air entry into the processing system substantially prevented. An 
article provided on its base material surface with the above catalyst. A method of decomposing a substance by bringing the substance to be 
decomposed into contact with the above catalyst exposed to light including at least a visible radiation. A novel photocatalyst capable of 
using a visible radiation and a method of photodecomposing for removal various substances including organic matters and bacteria by using 
the photocatalyst. 
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-&m^ mn&ztiy hLfco fcfoiz. m.m.%.2 4^»iL > 

£JSffi£KJS!g©fl:«te. nJ««n^KiR^^^ MUCcfcD. 228nm ££#3 

T-±2-vm-mt?-9>®M (&ff,mm (dist-od io g £4 

«*8U I^^I^^yyi'MLfct, 2 0 (2. 4 5GHz) 

T^7X7^4$tt. f LT> H,7JX (iiS;3 0ml/») £^I*I<DJE 
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0. ?^>(7)2 ptfCil^nStf-i' (458. 8 eV (Ti2p3/2) 
SI/4 6 4. 6 eV (T i 2 p 1 / 2) (Dffimt?? > t&&LT^Z>mm<D 
1 slfCiJI^tl'Slf-^ (5 3 1. 7eV (Ols) £>® II 
ftSftfcSSUfc (Ols/Ti 2p) H 1. 9 2T&ofc. ft. ^7X7® 
tf^Stffc^^t&sfcOffiiaJt (Ols/Ti 2p) H 2. 

(01s/Ti2p) fe. 1. 9 2T&^fc. £<DSt**<&l#E&<B 
®«Jt (O 1 s/T i 2 p) £*>£rt:'ttfca»ofc. 

T^ilLfcT^-^— fcfSI— «ffc^*» tt» 2lS£#iJ4 i|BrJ^f3gfii2. 003 
gfiltf 1.96 Cy^t;i/^1"T i w t»K^n* ^^±;Utt«iB!JSn^^o 
IU60>J 6 

7ir$— zm-mtJ-zy®-*- vbelmm «*) sist-od 4 g £2o 
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CO 2 pn=F\ZffiM£tl2>ii-2 (4 59. 5eV(Ti2p 3/2) &£>'4 6 
5. 4eV (Ti 2pl/2) (Olttf^ LT(^6g^l£> 1 s W.=¥- 

izmmZtlZ t°— i7 (530. OeV (Ols) <Dgf|ft f#e>ttfc 
BHXft (01s/Ti2p) It 1. 9 2t^f;. 1%. ^7XvjHbft^ 
7j-?--em—mfc3 L ?>%)M<DmMi£ (Ol s/T i 2p) tt. 2. oot- 

(01s/Ti2p) fc, 1. 9 2T&oJt. ^^(3. 
SJttit (Ol s/T i 2 p) fc*»Sgfcttfca»oJfc. 

77X-?mm<DWiRz£mT% Ti-?-^m-mit^$>\z^{t\z&z>n 

a»«4 (NOxlM«) 
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3E3 



(nm) 


3 6 0 


4 6 0 5 6 0 




NOB&m (%) 


3U&0U6 


18.3 


16.2 


4. 7 


JSC** ( S T - 0 1 ) 


2 8. 1 


0. 2 


0 



um&ft^rz. ^(D&m* 4 8mmmz&tfz>$;&&W£(DftMmi3.i s. 42% 
Tj-?—vm-Mft?-?>®* c&mmm (#0 su st-od 5g£i*i 

f5cm. 12100 cmOH^KS^lCiR^Lfc. :W5^SS(SfC RF 
^7X"7«*S6«**#L. SCT*rt*«^>^0. 0 5 h-il'tTi 
5 0 0WC0®8& (13. 5 6 MHz) &Rtifi£fo<D7-)r9—&m 

-Mit^pymmzmmis. ^xvm^-frfc. fix, h,#t. 
a£>mz£z&m.mmz£<oE$i i gM&4 o or {causa u ssjsjw 
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mznrcTj-?-i£M-mit?-?>m*$:xmxm=F-ftyt& (xps> kj: 

9, ptt^JCWJSR^nstT-^ (4 5S. 8eV (Ti2p 3/2) 

&tf4 6 4. 6 e V (T i 2 p 1/2) ©jffiflt? 1 * LT^5K*© 
1 sfc^KJBJRjSnstr-^ (531. 7eV(0 1s) ©jltt £ 
»Stlfcifiiait (0 1s/Ti2p) H 1. 5 lTfeofc. «. y^XTjfi 
lia^7t^- ifS!-|6fls^-^>©5t5©lffiaJt (0 1s/Ti2 p) tt, 2. 
0 OT'^ofc. 

^©tt»* liIIHI*«+fc:tt«L/3t«t±E<kra*lClH!l3eLfciBatt: 
(01s/Ti2p) t>, 1. 5 1Tfe^L £<B«*4<Z> 1 27 

iSf^it (ois/Ti 2p) cfejefcttttfrofc. 

HM#J8 

^isyit^m Zr0 2 2 g£2 8Oml <7>53£K£j£«K:'K£Lfc. C<7)53l§gS 
^£:/7X^±£jMf;:if£MU Irt^^l>7TMLtt, 4 0 0W 
fcfcfiBJfe (2. 4 5 GHz) ^S^^rttD^^^-T^tCQBML, f^7- 
n^^lckoT^^XT^^-frfc. -tLT, H 2 #X (^i?:3 0ml/^) 

3 dUTlCffiJIRanse-i' (l 8 2~1 8 3 e V (Zr3d 5/2) Wl 
8 4-1 8 5 eV (Zr3d3/2) <Dmf&£¥)Vn-<5 At^l/Tt»58 
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m<Dl sM=?-\Z.mM-£ftZ>\L-5 (5 3 0 eV (O 1 s ) <£>TO<h£##fc. 
n^ntz'^mit (01s/Zr3d) it, 1. 9 8T'&-?7to ft. ^7X^M 

w^t < z^mtis)\'Zi-<ji±®%i(nmmyc (o 1 s/z r 3 <d 2. 01-c 

(Ol s/Z r 3d) *k 1. 9 8Tfeo/:. CW^Ol^fl^© 
Elf*J£ (01s/Zr3d) iZh^ititta^-ofz. 

fSSfctfy 6 

^M^J8l?lil2L^li^ (0. 2g) *^7 7;^;U'»-IS^^S (1. 
9 'J y h;P) WcsSgL^o -ytmzi-i/\n^>^>y° 5 f ^ IDR10 
OV 7 5WN/S-EK) ^3 9 0 nmWT®f^5:A7 b~? 

ig^ (5 0 0 ppm) ©^L^XiLfcc Til hT^^t H^PJ:«¥^{C^L 

Kmil7.it, tiXfa-vbtf??*- (FID) T 

^J<!:UT-/7X-75!lIL)S^v;^-7^lC^^Tfc, >tHS^^^ l 2 0 
ft'&<D7-t hTJU^t K£&<J5eU ^m^*4HiKto 

H»J8TIQS!}LfcM (0. 2g) ^tf^T.gJ^^-Si&J&i^ (1. 
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9'jyh;u) faizmmistzo ytmizte-? ? v 9 7 >~? (mmmnw^tt. h 

1 1 0 B L) &mWz (UV^g : 1 . 8mW/cm 2 ). I©7>^iUV a 

ttft (5 0 0 ppm) £Lfco 7~t h 7 fry* t K^®*¥il:IL 

3fcflftt**0B&Lfc. SlStfXte. ^^DTh^77^- (FID) T 





ADy>7>7" 
(3 9 0 nm6lT*7 h) 


y' 7 v 9 h 


*J60U8 


2 6 8 p pm 


2 5 0 p pm 


(y*;i,3-7M) 


4 9 9 p pm 


4 8 9 p pm 



H«Si*J9 
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ffASJ^JUT iO z (MT- 5 0 0 B) 2 g £ 2 8 0 ml ©53£SSEf£3? 
ytilLitt, 4 0 0W(7)«iS (2. 45GHz) &EJtfl?rt©Jl'^l'8! 

ut, h 2 #x (mm* 3 om i /#) &*rt©ff***#ai i — n^ftai-sic 

p*TK»JR$nae— £ (458. 6 eV (Ti2p3/2) &tt'4 6 4. 
2 e V (T i 2 p 1/2) (DW&t.?-* > t&&lsX^2>Mm<D 1 s M^KUS 
M£n&tf— ^ (529. 8eV(0 1s) <7)iSfi£:£:j£#>/Co ?#<E>n7c®fR 
it (01s/Ti2p) 1. 7 4T'$>-o tz* ft. X^Xv&UlL&l^l^ 

;n>— mt^^ >mm<Dmmit (01 s/t i 2p) 2. 0 

ls/Ti2p) fe. 1. 7 4T*^fc. d©tt»<0 1*^^©il« 

it (01s/T!2p) fcfc^ffctefc^ofc. 

±ittmz£ommi,fzuw (0. 2g> ^A^xs^jk/t-ssfsss 
(1 . 9U7 h;u) rttctanufc. »itiiADy>7>^ og£^-r 2 jdr 

1 1 0 V 7 5WN/S-EK) £fflV*> 7>03 9 0 nmKT®M^*7 
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»g (5 0 0 ppm) (DKfotfXtVfZo 7t h7Jl/jt H^f¥fl:IL 
#J!Hi*SIMfeL£. A'7^D7h^77^- (FID) T 



^5 





(3 9 0 nmTO7 h) 


mmM9 


2 6 4 




3 0 2 



HM^J 1 0 

mt>\7-0J± (H f 0 2 , F 1 u k aSU MS 9 9. 8%) 2 g£g»2 0 
0ml ©5&HEJ6fl?fc:JRSLfc. ^©Sl^SfSf ^y^XT^iilt;^ 
U ^ft£ll£#>^TtlMaLfcl£, 4 0 0W©iiS (2. 4 5 GHz) £ 
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m±2i*fz. LTx H 2 #7. (ffil$777D-^-^-l:J:0 3 0ml/5i 

Wft<DmtJ\7zzOA®m&®ftLtirf*> 1 ftfflfflSLfc. -t-O 
ISA, M^KfeCfco 

?ic#jR*n-*tr— & d6~i7ev (Hf4f)> <Dm%t/\7-oi±tm 
SLx^&mmoi sm^izmm^ti^E—if (5 3oev (ois» omm 
£&j&&fz. mztitzmntt (ois/Hf4f) a, 2. 1 5ts^^. 
7 , 7X^mmute^mik/\7-o J u%}&<Dmffiit (01 s/Hf4f) wu 2. 

2 OTSot, 

(01s/Hf4f) fc, 2. 15T«ofc. ^e-l:. dWtt»©l*«S&<D® 
Itlt (Ol s/Hf4f) fCfc&Mbfct&^o*:,, 

±l2^?£(C<tOii^U7clS^O. 4g^^^/-iH:»tU *'77« (6 
cmX6cm) idS^Lfc. £<D#7*«£#7X»^;i'y ir-ffiJEJ6iMI (1. 
gij-yHU) rtJCMLfc. 7^fc:teADy>7>:7* (127-ff7^ JDR 1 1 
0 V 7 5WN/S-EK) ^4 2 0 nmWTO^i^*7 ht 

Mm (5 0 0 ppm) £Lfc. 7th7^7th'«*¥Il:Il 

tzWi. ftWM&fflPhLfz. Jx&tfXte, iiX<7n-?h?77<(— (FID) T 
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nmm i i 

^yiXhP/f^A (SrTi0 2 . Aldrich Chemical Company I3> 5 5 
O P >&Tf<Dl&¥&* mg.9 9%) 2g^tI2 0 0ml <D<S$tWkKJfc i glZW.& 

^UfcgL 4 0 OWWtlife (2. 4 5 GHz) SrJKJfcWl*! >M* b U 

T» H 2 #* (oitM^^X-7a-/-^-(C=fcO 3 0m l /ftlzmm ZftfiKD 

vx±\z£K>mmisrzmo. 2g**? s-juzftmL. n^^fa (6cmx 

6 cm) izm^Lfz. ;©*'77^§i)'7XS^yt-WgI (1. 9 
VyhJl) rtfClSSLfcc 7 l £ai{3«/NPy>7>^ (M^^t-vO JDR 1 1 0 
V 7 5WN/S-EK) ^4 2 0 nm£JlT©^8**y ht5 
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(SOOppm) <DRfo#XiiL1t. 7t h7^ft h'^f ¥11:11 
ftJHStfcM&Lfc. S^^tt, *'X^D7h^77^- (FID) T 
%J!BAiMte6 0M©7th7^rt F»«te4 5 0 p pmT&o 

nmm 1 2 

h><hS^L, jSHttS (I TO) ClILfc. |<)3 0 0tTl^ 

»€>n&««&. mBRW;^— (8RuL2 (N 
CS) 2, L = 4, 4 '-i?i3 2, 2' -t'7.tf'J> ? » £^WT 

«£l»»TUfc. dO±fC, WlilTlHJfi (I TO) £«JBU Mffl 
£«MBTBJ£U jB^RB«?fi*^fc- 4 2 0 n mJBTF<0^*l 

ht5^7X7^)^-^UAoy>7>7' OK^-fT-y* JDR1 

iov 7 5wn/s-ek) ©^*fla*fufc. ycnffirfmmzti 
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X7>fM-^LTAO^>7>y m^-i^V? JDR1 1 0V 7 5WN 

/s-ek) cwtssaafufc. -e^^m. ^e«8S^«a^nfc. 

KlM#J 1 3 

^liLt. mmmm (itoj ©tooii^ur-'j t^fc 

n-rn^OV^Ttt/io ^n&©l*l:. 4 2 0 nmKTro^jlSA-; * 
i3777^M-$flTAa^>7>y (3C£^<7^y^ JDR1 1 0V 7 5 

wn/s-ek) ©Tt^nufc. -tarns*, ftnmmffl-znfr. 
nmm 1 4 

mmm 1 t* ftmi. fzytmm 0 . 3g> * (pH7. 30ml) 

v 9 7.^ — 7 — ££>S£gF'?K:&HL' , n&l&%7'(> (5 0 0ml) (CttlA 
Ufeo ytrnzlttt/ >7>7 (5 0 0W) 4 2 0 nmJ^TcOj^n^ 

£«U ^^D7h^77-f- (TCD) T'^«T*?foJt. 
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mmm 1 5 

3zMm 1 -Cftni<fc%:M&0 . 3g^^^/-il'MtA , 77<S (6 cm 

x6cm) ciiLfct, 3 0 o&T~immmmvmmmis\z<^umzftm 

m&m.zr'fy (soomi) \z&mi,tz<, %&mn.i,tcm. 7mm.m^mvrz 
umitrnmij* csooppm) ^Kmm-^izmxLrz. ytm\ziz*-ts> 

(5 0 0W) £ffl</^ 4 2 0 nm£kT(Dl%ft!&$:}) >y hf5^7X7^f 

)i?-&m^fz. 0 m±isfzJ3x<Dftffiiztetf7.?u-?htf7yj- (tcd) 
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c 2 ) mtm^mwtf-mt?-* >T*&z>m&m i \z&m<omm. 

( 3 ) -mt^z >tfy)-?—tLm£tzte)i'^)i'mx*$>z>mj$tm 2 izmmv 

(4) -Kftf^XO-^^S^l 0 nmJ^TTfc^if3t<^2 X«3 tCsB 

(5) -^{k^^>^X^tHliTr (XRD) (^J; Ott^n^tUlfrA^ — >^tC 
7 ^- * — tfM— ^{fc 5 1 ^ > CD A ^ - > £ 31 ft ft \Z m £ V ifg^c ^ 2 fEtc 

(6) d>&< ifc4 0 0~6 0 0 nmcDpJII^Ba^TTNOxi^^Stt^W 

-r-si^jt^ 2 ~ 5 cwrn^ 1 mizmmomm. 

(7) X^m^F^>tr£^cfc«9t#t>tl^>^^>C0 2 p«^{CD§^$n^)t:- 

?(b-mmztt-rz>. ^zytm^vx^zmmoi sm^izmmztiz^-z 

<Dmm<Dit (O 1 s/T i 2 p) tfl . 9 9J^TT$>SIf*3S2~6(DVi-rn 

^ 1 mizmmvmmo 

(8) iffijt (Ol s/T i 2p) *U. 5—1. 9 5(DffimX&2>mjfcI% 

7 \z$m<DMm e 

o) saut (ois/Ti2p) an mm£k±nn&nz-feLT^zmj$. 

^2-8 cWf tl/^ 1 i@(Cfi2®c7).M^ 0 
(10) 7 7K, fl£MTT-iii£-£tt£ESRtC;fc^T, gl^2. 0 
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0 3-4t*5ym!i { IfllSn < ^iOgi)) ! 2. 0 0 3~4T&5v 
7 7 KK:*5^T4>&< t64 2 0 nm~6 0 0 nmfgiacDjfc 

sfcflE*«^#t^ mmm 2-9 ©^-rn^ 1 ^{cie®(D«. 

(11) MQty. 77K, «g!T«Jtl/:ESRl:*^T. gffi#l. 9 

(12) ^{k#)^#^^^/\7n^7A, ^>IXh 

d4) mtm^mw^^7.m^m^^x^ i )mrr^^x'$>^x. mi 

(16) &fc^¥^#:<£>«Mtf)^&< chfe-gfiic, ^^T.M7c^-f 

(17) &^¥#&£ll£T, JU^-T?)Ci^#m<i:-r^)"T^^{^^TT- 
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(is) mitm^MW~mt^^>> g^t^un-^A. mit^-OA. 
vcsm-m^z >m€>M{tWT$>z>m$;m 1 3 ~ 1 7 o^tn^ 1 mizmm. 
(19) MikM-f-m^Ti-?-¥m~mt^?>T'$>zm$.Mi 3-17 

(2 0) T^-^--ti^-^{k5 1 ^>^ 1 h-)l&,T(DMQT* 4 0 0X:U± 

(21) m?$.mi 3-2 o^^rn^i^jcgsiicD^riT^iS^nfcisi^i^ 

(22) m\tw*m>w&-.mt?-?>. witzsivn-v^ mi&\-7-vi±, 

(23) °mytmmTT*<Df5&&, mitm^rc\r^^imf^$>^m^m 1 

~i 2M'2 i~2 2 co^Tti^ 1 m\zUWi.<nm&o 

(2 4) ^M^{MTTc7)e<£7^ l»7ltt«t©»ffittT*5A\ 
3$®?£{4T&£f!!jfclftl~ 1 2&tf 2 1~2 3 (DO vm7&> 1 (I sfiic (D 

(2 5) liJP^Sfcti^T^^IS^l-l 2RZf2 1-2 3© 

(2 6) II^Jll ~1 2mS2 1 — 2 5 m^-fn^ 1 IgiCgSifccDtt^S** 
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(27) mu/)mm^}(D9\-^m. m^fsm±m. ^'7^iSf L<«g 

(2 8) i ~ 1 2&z>'2 i ~ 2 5©^fn^ imiztzm<Dtikm&f£iz 
tmj%2 6 ^fc«2 7 izmmoyyo&iz. mmyt&&tsj?tmmT-e, &ttmw& 

(29) ««itti<k^#j, mmit^m. n^mwrnsmmmm^ 

(3 0) &#a*zKXtt£&-C&SiS3fcJg2 8Sfcli2 9 t!2«(D^te. 

(3 1) nI«5tS:^tr3fc* 5 *IIB^»**:ttAX5t«T?**6»*J9S2 8-3 0 

(32) AiiiM^ff, e.OTtf/wjAoy>7>^e.?)iiT 
2 8 ~ 3 i ©ir»-rna> 1 ^tcaawi©^, 

(3 3) !§5t<Ji 1 ~ 1 1-2 5W^n^ l^lCB2*5©tt&££*f 

(34) nis^^^tf^ssgwr^fe*©^®^. &tBt. eiffwx 

(3 5) Sff^^l ~ 1 2£Z*2 1 ~2 5 $n»fna* l9lcEfE<Z>tt!ttd>&&: 
(3 6) iidcISl~l 2^2 1~2 5 <Wfn^ 1 ^»Cg2«©ttttE^ 6& 
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